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INTRODUCTION 
During 1969, 2 1  acoustic grenade and 2 pitot probe experiments were conducted by the Goddard 
Space Flight Center, the University of Michigan under contract to Goddard, and the Instituto Nacional 
de Tecnica Aerospacial in cooperation with Goddard. Launch sites included: Arenosillo, Spain 
(3’7%); Barrow, Alaska (71%); Churchill, Canada (59%); and Wallops Island, Virginia (389\7). These 
soundings were carried out as par t  of the Meteorological Sounding Rocket Program, a primary ob- 
jective of which is to observe the structure of the upper stratosphere, mesosphere, and lower 
thermosphere, and to investigate specific phenomena which occur in these regions of the atmos- 
phere. In order to extend the coverage over the widest possible geographic area,  and to permit 
more accurate analyses, the GSFC soundings a r e  coordinated with soundings in other par ts  of the 
world whenever possible. Since the data obtained from these soundings a r e  published here to serve 
as a basis for further investigation and interpretation of the physics and meteorology of the upper 
atmosphere, no analysis is attempted. 
EXPERIMENTAL TECHNIQUES 
The acoustic grenade and pitot probe techniques were employed to obtain the data reported here. 
These techniques are described only briefly since the details of the theory, instrumentation, and 
data reduction have been published elsewhere (References 1, 2, and 3). 
In the grenade technique, 1, 2, and 3 pound explosive charges (grenades) a r e  carried aloft in the 
nose cone of a Nike Cajun sounding rocket. The grenades are ejected and detonated at 2 to 4 km 
1 
intervals. The payload car r ies  19 grenades, permitting an average vertical resolution in the data 
of about 3 km. The position of the rocket, and therefore of each explosion, is determined by a 
Doppler tracking system, a high precision radar  such as the FPQ-6, or both. The time of each 
explosion is detected by sensors in the payload and telemetered to the ground. A ground based 
array of hot-wire microphones, capable of responding to frequencies in the 4 Hertz range, is used 
to detect and record the arr ivals  of the sound waves generated by the exploding grenades. The 
measured experimental parameters a r e  the times and positions of the grenade explosions, and the 
arr ival  times of the sound waves a t  the ground based microphones. 
The elevation and azimuth angles of the normal to each arriving spherical sound wave front a r e  
computed by applying a least-squares-fit to the arr ival  times at the various microphones. Each 
wave front is then analytically traced back along i ts  path of propagation through the atmosphere by 
means of Snell’s Law. Wind and temperature data from balloonsondes and rocketsondes obtained 
near the time of the grenade sounding a r e  introduced to account for their influence in retracing the 
path of the sound wave from the ground to the level of the f i r s t  explosion; above this altitude, the 
results of the grenade sounding itself a r e  used for each succeeding explosion. The origin of the 
sound wave as determined by r a y  tracing is compared with the known position of the explosion, and 
the horizontal difference by which the sound wave has been displaced from one explosion to the next 
is a measure of the average wind velocity in the layer bounded by the two explosions. The average 
speed of sound, and hence the average temperature of the atmosphere between adjacent explosions, 
may also be determined. The temperature and wind profiles consist of discrete points, each rep- 
resenting the average temperature and average wind, respectively, of the vertically stacked hori- 
zontal layers between consecutive explosions. The pressure profile is derived from the temperature 
profile, using the pressure measured by an accompanying balloonsonde as a reference value. Pres-  
sure  is then calculated as a function of altitude from the barometric equation (a form of the hydro- 
static equation), by integrating the pressure upward over the temperature profile. The density is 
then calculated as a function of altitude from the temperature and pressure using the equation of 
state (Reference 4). 
In the pitot probe technique, a radioactive ionization gage and a hot filament gage mounted in 
the forward tip of the payload measure impact pressure.  which is related to ambient density, as the 
rocket ascends. The gage outputs a r e  telemetered to ground-based receiving and recording equip- 
ment. The trajectory of the rocket is provided by Doppler tracking, radar  tracking, or  both, to de- 
termine the altitude and velocity of the rocket. The measured experimental parameters a r e  ram 
pressure,  and the velocity, position and orientation of the payload. Ram pressure is related to 
density by the Rayleigh equation and the equation of state in the continuum region, and by a modified 
thermal transpiration equation in the free-molecular flow region. The temperature profile is cam- 





The launch s i tes  of Arenosillo, Spain (37”N); Barrow, Alaska (‘71%); Churchill, Canada (59”N); 
and Wallops Island, Virginia (38%) were chosen because they represent temperate, arctic,  and 
sub-arctic locations. Table 1 summarizes the date, time, and location of each of the 21 grenade 
2 
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and 2 pitot probe soundings conducted during 1969. The observations include: a spaced ser ies  of 
thirteen soundings from Barrow, Churchill and Wallops to study circulation changes in the winter 
mesosphere; and four paired soundings to examine longitudinal variations between Arenosillo and 
Wallops. 
The results of the soundings a r e  given in Figures 1 through 23. In the grenade results,  the 
directly measured parameters,  temperature and wind, are tabulated on the left-hand page of each 
figure. Values of interpolated temperature, computed pressure,  pressure deviation from the 1962 
U. S. Standard Atmosphere (Reference 5), computed density, and density deviation from the standard 
atmosphere are tabulated on the right-hand page of each figure as functions of geometric altitude. 
The wind components, interpolated at 2 km intervals, are tabulated on the left-hand page. The pitot 
probe results give computed temperature, computed pressure,  pressure deviation from the standard 
atmosphere, measured density and density deviation from standard. Balloonsonde and rocketsonde 
observations which accompanied the soundings are also plotted to provide an essentially continuous 
profile of temperature (and wind) from the surface to the mesopause. 
ERROR ANALYSIS 
The e r r o r s  contributing to the inaccuracy of the grenade technique can be classified according 
to source (Reference 6) as e r r o r s  inherent in the experimental measurements and e r r o r s  resulting 
3 
f rom approximations made in the course of analysis. The latter consists of e r r o r s  resulting from 
the formation of least-squares operational equations, the deviation of the model atmosphere from 
the true atmosphere, and the finite amplitude propagation correction. These analytical approxima- 
tions a r e  considered to be second order effects of negligible quantities or systematic e r ro r s  that 
a r e  effectively removed. 
Experimental measurement uncertainties a r e  surveying e r r o r s  in determining the location of 
each microphone in the array, determination of the grenade burst time and position, and reading the 
break t imes for the sound wave as it crosses  the a r ray .  Of these e r rors ,  the reading of the indi- 
vidual microphone break times contributes the majority of the inaccuracy. (An exception due to 
grenade burst time and position e r ro r s  for a large-area sound-ranging array as installed at Wallops 
is discussed in Reference 7). 
Measurement of the break time for the wave from a grenade explosion on more than three 
microphones in the array produces an over-determined sound-ranging solution. A least-squares 
analysis of this solution yields the standard e r ror  of the direction cosines and the travel time for 
the wave from each grenade. These standard e r ro r s  of surface values can be propagated through 
the ray-tracing analysis to yield standard e r ro r s  in the computed values of temperature and wind 
for each grenade pair  layer (Reference 6). 
In cases where an over-determined solution was not available (an a r ray  of three microphone 
break times), standard e r r o r s  could not be determined, and no e r r o r s  were computed for tempera- 
ture  and wind. Such instances a r e  denoted by their zero e r r o r  in the tabulations. 
The pressure and density values which a r e  tabulated for each grenade sounding do not include 
the effects of temperature e r rors .  The calculation of such e r r o r s  can be made by introducing the 
stated temperature e r ro r s  in.to the barometric equation, an exercise left to the reader. 
The experimental e r ro r s  included in the measurement of density by the pitot probe technique 
a r e  estimated as follows: rtl percent below 84 km altitude; f4 percent between 84 km and 100 km 
altitude; and *lo percent above 100 km altitude. Also, all temperatures given a r e  the kinetic 
temperatures. 
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M Y S L  
3 7 0 0 0  
3 8 0 0 0  
3 9 9 0 0  
4 0 0 0 0  
4 1 0 0 0  
4 2 0 0 0  
4 3 0 0 0  
4 4 0 0 0  
4 5 0 0 0  
4 6 0 0 0  
4 7 0 0 0  
4 8 0 0 0  
4 9 3 0 0  
5 0 0 0 0  
5 1 0 0 0  
5 2 0 0 0  
5 3 0 0 0  
5 4 0 0 0  
5 5 0 0 0  
56COO 
5 7 0 0 0  
5 9 0 0 0  
6 0 0 0 0  
61000 
6 2 0 0 0  
63000 
h 4 0 0 0  
6 5 0 0 0  
6 6 0 0 0  
6 7 0 0 0  
6 8 0 0 0  
6 9 0 0 0  
7 0 0 0 0  
7 1 0 0 0  
7 2 0 0 0  
7 3 0 0 0  
7 4 0 0 0  
7 5 0 0 0  
7 6 0 0 0  
7 7 0 0 0  
7 8 0 0 0  
7 9 0 0 0  
0 0 0 0 0  
A l O O O  
82000 
8 3 0 0 0  
R4000 
0 5 0 0 0  
8 6 0 0 0  
8 7 0 0 0  
8 8 0 0 0  
0 9 0 0 0  
9 0 0 0 0  
9 1 0 0 0  
9 2 0 0 0  
9 3 0 0 0  
9 4 0 0 0  
9 5 0 0 0  
9 6 0 0 0  
5 ~ 0 0 0  
TEMPERATURE 
D E G  K 
218.9 










2 6 3  0 
259.5 
256.0 





















241 .7  
242.1 
241.7 




















164 .1  
2258  1 
P R E  SSUHE 
N T / S Q  M 
0.345E 03 
0.296E 0 3  
0.253E 0 3  
0.217E 03 
O.108E 03  
0.163E 0 3  
0.141E C3 
0.122E 0 3  
0.106E 0 3  
0.937E 0 2  
0.826E 02  
0.728E 0 2  
0.641E 0 2  
0.551E 0 2  
0.491E 02  
0.430E 0 2  
0 * 3 7 6 E  02  
0.329E 0 2  
0 * 2 @ 8 E  02  
0.752E 02  
0.219E 02  
0.190E 0 2  
0.165E 0 2  
0.143E 02 
0.123E 02  
0.105E 02  
0.911E 0 1  
0.78OE 0 1  
0.667E 0 1  
0.569E 01 
0.490E 01  
0.427E 01 
0.371E 0 1  
0.323E 01 
0.281E 0 1  
0.245E 0 1  
0.213E 01 
0.185E 01 
O o l b l E  0 1  
0 0 1 4 0 E  01 
0 0 1 2 2 E  0 1  
O.lO6E 01 
0.93CE 00 







0.213E 00  
0.186E 00 
0.163E 00  
0.143E 00  
0.125E 00 
0 . l l O E  00 
0 9 7  1E-0 1 
0.806E-01 
0 644E-01  
0 . 7 e o ~  00 
DEVIATION 

































































0 3 9 1  E-02 
0 0330E-02  
0 0 2 8 2 E - 0 2  
0 .2416-02  
0 2 0  5 E-02 
0. 173E-02  
0.14hE-02 
0. 125E-02  
0 108E-02  
0 m964E-03 
0 8 6 0  E-03 
0.764E-03 




0 3 5 8  E-03 
0 3 16E-03  
0. 2 7 8  E-03 
0 246E-03  
0.217E-03 
0 1 YO€-03 
0 166E-0?  
O r 1 4 5 E - 0 3  
0.125E-03 
0 1 0 8  E-03 
0 L 897E-04  
0 7 4 9  E-04 
0 o 6 3 3 E - 0 4  
0 e 5 38 E-04 
0 r 4 6 7 E - 0 4  
0 0 4 0 6 E - 0 4  
0 r 353E-04 
0.307E-04 
0 0267.E-04 
0 233E-04  
0 0 2 0 3 E - 0 4  
0 0 1 7 7 E - 0 4  
0 163E-04  
0 1 5  1 E-04 
0 135E-04  
0 1 2 1  E-04 
0 0 9 8 9 E - 0 5  
0 798E-05  
0 0 6 5 9 E - 0 5  
0 0 5 4 3 E - 0 5  
0 4 3 7 E-0 5 
0.356E-05 
0.296E-05 
0 2 58 E-05 
0 2 2 6 E- 0 5 
O0198E-05  
0. 174E-05  
0 0 1 6 7 E - 0 5  
0. 162E-05  
0 e 1 5 1  E-05 
0. 136E-05  
0 8 5  2 1E-03  
DEV IATION 
P E R  C E N T  
-11.7 
-13 .5  
-15 .4  
- 1 7 . 2  
-18 .1  
- 2 0 . 9  
-23 .2  
-25 .5  
-26 .6  
-27.8 
-26 .7  
- 2 5 . 9  
- 2 5 . 5  
- 2 5  0 4  
-25 .8  
- 2 6 . 5  
- 2 7 . 5  
- 2 7 . 9  
- 2 7 . 9  
- 2 8 . 2  
- 2 8 . 6  
-28 .7  
- 2 8 . 9  
-29 .5  
- 3 0 . 4  
-31 .7  
- 3 3 . 2  
- 3 4 . 9  
- 3 8 . 9  
- 4 2 . 1  
- 4 4 . 4  
- 4 6 . 1  
-46 .5  
- 4 6 . 8  
-46.9 
-46 .9  
-46.5 
-46  00 
- 4 5  .4 
-44 .6  
-40 .6  
- 3 5 . 4  
-32.0 
- 2 6 . 6  
- 2 8 . 4  
-30.5 
-30 .9  
-31 .6  
-33.8 
-35 .2  
-35.2 
-32 .1  
- 2 8  e 6  
-23.7 





- 1 9 8 2  
13 
FIGURE 5 
CHURCHILL , 22 JANUARY 1969, 2217 GMT. 
ALTITUDE TEMPERATURE ERROR WIND SPEED ERROR WIND DIRECTION ERROR 






5 74 1 1 4 
5O823.5 























































102.0 12. 1 
123.6 13.9 








TEMPERATURE ( O K )  WIND 
(M/SEC) 
I EGENO 
L 5 M/SEC LSOWSEC 
OR LESS 
L 10 M /SEC 
DIRECTION OF 

































270 7 1.9 
267.3 0.9 
258.7 2.1 




2 6 1  e2 6.9 












































92 .5  
125 .0  
155 .7  




1 3 8 . 5  
127 .7  
118 .9  
116 .3  
102 .9  




1 2 2 . 3  








55 .8  
-10.2 






3 7 0 0 0  
38000  
3 9 0 0 0  
4 0 0 0 0  
4 1 0 0 0  
4 2 0 0 0  
4 3 0 0 0  
4 4 0 0 0  
4 5 0 0 0  
4 6 0 0 0  
4 7C 00 
4 8 0 0 0  
4 9 0 0 0  
5 00 00 
5 1 0 0 0  
5 2 0 0 0  
5 3 0 0 0  
5 4 0 0 0  
5 5 0 0 0  
5 6 0 0 0  
5700C 
5 a000 
5 9 0 0 0  
6 0 0 0 0  
h1000 
6 2 0 0 0  
6 3 0 0 0  
64COO 
65COO 
6 6 0 0 0  
6 7 0 0 0  
6 8 0 0 0  
69COO 
7 0 0 0 0  
7 1 0 0 0  
7 2 0 0 0  
73COO 
7 4 0 0 3  
7 5 0 0 0  
76’300 
7 7 0 0 0  
? R O C 0  
7 9 0 0 0  
9 00 00 
81300 
8 2 0 0 0  
8 3 0 0 0  





8 9 0 0 0  
9 0 0 0 0  
9 1 0 0 0  
9 2 0 0 0  
93000 
9 4 3 0 0  
9 5 0 0 0  








































































0a127E 0 3  
0 e l l l E  03 
0e986E 02 
















0e895E 01  
0e772E 0 1  
O e t t 7 E  0 1  
0e577E 0 1  
0e504E 0 1  
0./440€ 01 
0e384E 0 1  
0e335E 0 1  
0e293E 0 1  
0a257E 0 1  
0a225E 0 1  
0e197E 0 1  
0e168E 0 1  
0e143E 01  
Oe122E 0 1  















0 e 8 3 l E - 0 1  
0 e719E-01 
0e625E-01 































































DENS I T Y  
KGICU M 
0 543 E-02 
0.1.55E-02 
0 382 E-02 





0 e 148 E-02 
0 128E-02 
0.112E-02 
0 e 100E-02 
0e896E-03 
0e796E-03 
0 e 708E-03 
0 e63 1 E-03 
0e559E-03 






0 2 3 1  E-03 
3 e 198E-03 
0 m165E-03 
0 e 139E-03 




0 ~ 6 2 0 E - 0 4  
0 e 540E-04 
0e470E-04 
0 e 1. 10E-04 
0e357E-04 
0e324E-04 




0 e 178 E-04 
0 153 E-04 











0 e 196E-05 
0 166E-05 
0e133E-05 
0 e 108E-05 
0e963E-06 

































































WALLOPS 24 JANUARY 1969 2000 GMT. 
ALTITUDE 
h 4  F’SL 
3 2 5 4 9 . 0  
3 7 5 9 3 0 7  
4 1 3 7 9 . 9  
4 f+  3 53.7 
4 7 3 4 7 . 6  
5 0 2 6 4 . 9  
5 4 4 1 3 . 3  
5 9 8 6 6 . 3  
6 2 2 1 4 . 6  
653990 5 
‘5,943?. 6 
7 1 2 9 7 . 8  
7 3 6 7 0 . 5  
7 5 6 7 8 . 5  
7 7 4 0 3 . 3  
7 9 2 1 3 . 3  




256 .7  
252.8 





2 3 8 . 1  
227.7 
217.9 
2 1 1 . c  
























n I I I 
v- 
160 200 240 280 
TEMPERATURE (OK) 
L EGEMO 
L 5 M/SEC - 50M/SEC 
OR LESS 
DIRECTION OF 
L IO M /SEC NORTH WIND 1 
WIN3 SPEED 
Y / S E C  
28.8 
2 9 0 3  
46 .1  
45.4 
47.1 
5 6 . 1  







6 0 . 4  
6 8  a4 




ERROR WIND DIRECTION ERROR 


















ALT I TUDE 
M MSL 
3 4 0 0 0  
3 6 0 0 0  
3 8 0 0 0  
4COOO 
4 2 0 0 0  
4400C 
46COO 
4 8 0 0 0  
5 0 0 0 0  
5 2 0 0 0  
5 4 0 0 0  
5 6 0 0 0  
5 8 0 0 0  
60000 
6 2 0 0 0  
6 4 0 0 0  
6 6 0 0 0  
6 8 0 0 0  
70COO 
7 2 0 0 0  
2 9 2 0 5  
298.3 
274.3 







287 .9  
283.7 
248.0 












2 0 1  
1.3 
1 a4 





























- 7 0 0  
26 .3  
2 6  a 0  
2 8  a 5  
38.8 
4 5 . 3  
4 3 . 9  
4 2 . 4  
39.8 
36 .3  
4 1  .5 
4 9 . 0  
5 5 . 2  
6 0 . 8  
61 .5  
59.5 
6 9 . 9  
7 9  e 0  
7 8  e 6  
7 2 . 0  
57 .0  
7400C 19.8 3 7 0 8  
7 6 0 0 0  37.7 4 5 . 8  
7 8 0 0 0  11.0 73 .7  







3 3 0 0 0  
3 4 0 0 0  
3 5 0 0 0  
3 6 0 0 0  
3 7 0 0 0  
3 8 0 0 0  
3 9 0 0 0  
4 0 0 0 0  
4 1 0 0 0  
4 2 0 0 0  
4 3 3 0 0  
4 4 0 0 0  
4 5 3 3 0  
4 6 3 0 0  
4700C 
4 8 0 0 0  
4 9 0 3 0  
50003 
5 1 0 0 0  
5 2 0 0 0  
5 3 0 3 0  
5 4 3 0 0  
5 5 0 0 0  
5 6 0 0 0  
5 7 0 0 0  
5 0 0 0 0  
5 9 0 0 0  
6 0 0 0 0  
6 1 0 0 0  
6 2 0 0 0  
63C00 
6 4 0 0 0  
6 5 0 0 0  
6 6 0 0 0  
6 7 0 0 0  
68OOC 
6 9 0 0 0  
70300 
7 1 0 0 0  
7 2 0 0 3  
7 3 0 0 0  
7 4 0 0 0  
7530C 
7 h 3 0 0  
7 7 0 0 0  
7 9 0 0 0  
7 9 0 0 0  
R O 9 O C  
TEMPERATURE 
DEG K 
2 4 6  8 


















































0.632E 0 3  
0.55lE 0 3  
0.482E 0 3  
0.422E 0 3  
0.370E 0 3  
0.325E 0 3  
3.295E 03 
0.249E 0 3  
0.218E 03 
3e191E 0 3  
Oml68E 0 3  
0e148E 0 3  
0.131E 0 3  
0.114E 03 
O.1OL"E 0 3  
0.899E 0 2  
3.792E 02 
0.697E 0 2  
0.612E 0 2  
0.536E 0 2  
0.47CE 0 2  
0.411E 0 2  
0.36CE 0 2  
0.316E 0 2  
0.275E 0 2  
0.240E 02 
0.239E 0 2  
00182E 0 2  
0.158E 0 2  
0.137E 02 
0.119E 0 2  
0.103E 0 2  
O.8R9E C 1  
0.76eE 0 1  
0.658E 3 1  
0.565E 0 1  
Oe484E 0 1  
0.413E 0 1  
0.353E 01 
0.301E 0 1  
0.2576 0 1  
0e22CE 0 1  
0.187E 0 1  
0.159E 0 1  
0.135E 0 1  






























































0 343 E-02 
0.296f-02 
0 0 2  55 E-S2 
0 0 220E-02 
0 193E-02 
0 1 7 0  E-02 
0 150E-02 
0 133E-02 




















0 e 909E-04 
0.788E-34 






























































BARROW, 26 JANUARY 1969, 0500 GMT. 











7 3 8 6 0 . 5  
77570.0 









































WINO SPEED ERROR WINO DIRECTION ERROR 
























BALL00 N S ONDE 
I 


























5 0 0 0 0  
52000 
5 4 0 0 0  
56000 
58000 









































-86 a 2  

















16 e 8  
7.1 
37.3 















6 e 2  
0.0 
23.0 
31 a 8  
16.9 









TEMPERATURE ( O K )  WIND 78000 -6.4 -27.7 
(M/SEC) 80000 -21.2 -31 a 1  
LEGEND e2000 -21.0 -1 a9 
84000 -7.0 57.4 
83000 -64.2 12.2 
L IO M /SEC NORTH WIND 1 90000 115.6 41 a 5  






3 6 0 0 0  
7 7 0 0 0  
3 8 0 0 0  
3 9 0 0 0  
4 0 0 0 0  
4 1 0 0 0  
4 2 0 0 0  
4 3 0 0 0  
4 4 0 0 0  
4 5 0 0 0  
4 6 0 0 0  
4 7 0 0 0  
4 8 0 0 0  
4 9 0 0 0  
5 0 3 0 0  
5 1 0 0 0  
5 2 0 0 0  
5 7 0 0 0  
5 4 0 0 0  
5 5 0 0 0  
5 6 0 0 0  
5 7 0 0 0  
5 8 0 0 0  
5 9 0 0 0  
6000C 
6lOC)O 
6 2 0 0 0  
6 3 0 0 0  
5 4 0 0 0  
6 5 0 0 0  
6 6 0 0 0  
6 7 0 0 0  
h t ? O O C  
h 9 0 3 0  
7 0 0 0 0  
7 1 0 0 0  
7 2 0 0 0  
7300C 
7400C 
7 5 0 3 0  
7 6 0 0 Q  
7 7 0 3 0  
7 8 0 3 0  
7 9 0 3 0  
8 0 0 0 0  
8 1 0 0 0  
8 2 0 0 0  
8 3 0 3 0  
8 4 0 0 C  
8 5 0 3 0  
H h C 9 O  
P703C 
8 8 0 0 0  
8 9 0 0 9  
9 0 0 0 3  









213 .1  











2 2 2 . 6  
221 .5  
222 .1  
231 .3  
240.4  
249 .6  
25'3 3 
256.1 
2 5 0 . 9  
256.9 
251 .8  
2 4 6  8 
241.8  
240 .5  
239.3 
238 .0  
236.P 
236.6 
236 .3  
2 3 6 . 1  
235 .6  
-733.2 
230 .8  
228.4 
226.9 





264 .7  
260.P 
255 .1  
2 4 9  . 5 
238.9 
218.6 
1 9 8 . 4  
1 7 8 . 1  
PRESSURE 
N T / S Q  M 
0.433E 0 3  
3.370E 0 3  
0.317E 0 3  
0.271E 0 3  
0.232E 0 3  
0.198E 0 3  
0.169E 0 3  
0.145E 0 3  
0.123E 0 3  
0.104E 0 3  
0.882E 02  
0.744E 0 2  
0.631E 0 2  
0 - 5 3 6 E  02 
0.455E 0 2  
0.38AE 0 2  
0.334E 0 2  
0.287E 0 2  
3 e 2 4 7 E  0 2  
0.212E 0 2  
0.182E 02  
0 0 1 5 6 E  0 2  
0.135E 0 2  
O.118E 0 2  
0 . l n 3 E  C2 
0.909E 0 1  
0.799E 0 1  
0.702E 0 1  
0.617E C 1  
0 e 5 3 7 E  0 1  
0 0 4 6 7 E  01  
C)*407E C 1  
0.354E 0 1  
0 0 3 3 7 E  0 1  
3.267E 0 1  
Oe232E 01  
0 * 2 0 1 E  C 1  
0.174E C 1  
0.151E C1 
0 0 1 3 1 C  C 1  
0.114E 01 
3.985E 0 0  
0 a e 5 0 E  00 
0.734E C O  








0.212E 0 3  
0.195E co 
0 . l h 2 E  00 
0.134E 00 
DEVIATION 







-22  7 
-24.6 
-27.0 
- 2 9  e9 
-35 .7  
-38.2 
-40.6 










































-32 .  a 
DENSITY 
K G / C U  i4 
0 0 6 9 5 E - 0 2  
0 a 5  94E-02 
0 m509E-02 
0 e43 5 E-02 
0 0 3 7 2 E - 0 2  
0 3 1 9 E- 0 2 
0 02 77E-02 
0 e242E-02 
0 2 1 0  E-02 
0 1 80E-02 
0 1 5 3 E - 0 2  
0 m128E-02 
0 1 0  7E-02  
0 0 9 0 5 E - 0 3  
0 .750E-03 
0 6 2 4 E-0 3 




0 0 2 8 6 E - 0 3  
0 .236E-03 
0 0 1 9 6 E - 0 3  
0 1 6 5  E-02 
0 1 4 2  E-0 3 
0 1 2  3E-03 
0.107E-03 
0 e953E-04  
0 0 8 5 3 E - 0 4  
0 s 7 5 8E-C4 
0 m673E-04 
0 a589E-04  
0 5 1 6 E- 0 4 
3 e 4  5 OE-04 
0 e3 93  E-04 
0 .341E-04 
0 0 2 9  6E-04 
0 e257E-04  
0 a224E-04 
0 m196E-04 
0 a172  E-04 
0 1 5 0 E - 0 4  
0 .130E-04 





0 0 4 7 4 E - 0 5  
0 4 24E-05 
0 - 3  80E-05 
0 3 3 9E-05 
0.30SE-05 
0.295E-C5 
0 2 84E-05 
0.262E-05 
D E V I A T I O N  
P E R  CENT 
-4.2 
-4.5 
- 5 . 1  
-5 .8  
-6 e 6  
-7 a 6  
-7 a 2  
-6 08 
-6  a 9  
-7 .9 
-10 a 6  
-14.4 
-18 .2  
- 2 2  . 1 
- 2 6  a 9  
- 3 1 . 1  
- 3 4 . 5  
-36 .9  
- 3 8 . 6  
- 4 0 . 4  
- 4 2 . 4  
- 4 6  a 4  
- 4 9 . 6  
- 5 2 . 0  
-53 .3  
- 5 5 . 0  
- 5 5 . 1  
- 5 4  e6 
-54 .5  
- 5 4 . 1  
- 5 4 . 4  
-54 .7  
- 5 5 . 0  
- 5 5 . 3  
-5 5 r 4  
- 5 5 . 4  
- 5 5  a 2  
- 5 4  a6 
-53 .8  
- 5 3 . 1  
- 5 2 . 5  
- 5 1 . 9  
- 5 1 . 2  
-49 .3  
- 5 0 . 0  
-50 .7  
- 5 0 . 4  
-46 .6  
-42 .5  
- 3 8 . 3  
-32 .3  
- 2 2 . 4  
-10.2 
0 a9 
- 5 4 . 2  





CHURCHILL 9 30 JANUARY 1969, 1710 GMT. 
ALTITUDE TEMPERATURE ERROR WIND SPEED ERROR WIND DIRECTION ERROR 
M WSL DEG K DEG K M/SEC M/SEC DEGREES D € G  
3 4 6 1  9. 0 
40471 .5  
4 4 9 6 6 . 0  
4 8 5 3 2 . 7  
52112 .7  
5 5 6 0 3 . 6  
5 9 9 0 3 .  0 
52331 .5  
66C90 .  2 
7 0 2 0 7 . 4  
742C1.3 
7 8 3 5 6 . 0  
e i 7 4 9 . 4  
e 4 9 6 1  1 
e 9 8 4 5 . 8  
e 7 4 0 5 0 5  
9 2 2 2 0 . 5  




2 3 2 . 2  
2 4 9  7 
259.1 
263 .1  
273.2 




2 2 0 . 5  
2 1 1 . 8  
200.7 
2 C 1 . 9  
233.1 
194 .9  
1.1 
1.3 





















90 .1  
71 0 6  
85.3 
111.5 
9 2  08 
61 .0  
22.8 
37.8 
19 .1  
11 .9  
52.0 
8 5  0 2  

























247.8 2 0 4  

















3 6 0 0 0  -7.5 
3 8 0 0 0  -10.7 
4 0 0 0 0  -13.7 
4 2 0 0 0  -10.9 
4 4 0 0 0  -5.9 
46000 -3.1 
4 8 0 0 0  -1.4 
5 0 0 0 0  12.4 
5 2 0 0 0  27.7 
5 4 0 0 0  13.7 
5 6 0 0 0  -1.7 
5 8 0 0 0  -3.8 
6 0 0 0 0  3.6  
6 2 0 9 0  18.1 
6 4 0 0 0  6.8 
6 6 0 0 0  -11.0 
6 8 0 0 0  -19.2 
7 0 0 0 0  -22.9 
7 2 0 0 0  -2.1 
7 4 0 0 0  22.4 
7 6 0 0 0  24.8 
7 8 0 0 0  23.0 
80000 29.4 
TEMPERATURE (OK) WIND 8 2 0 0 0  29.0 
(M/SEC) 8 4 0 0 0  -2.5 
8 6 0 0 0  -14.4 
8 8 0 0 0  5.6 
L 5 M/SEC - bOM/SEC 9 0 0 0 0  32.4 
9 2 0 0 0  -47.6 
-169.8 














L IO M /SEC NbRTH WIND 1 9 4 0 0 0  
2 2 . 4  
2 8 . 7  
34.9 
40.2 
45 .2  
55.3 
69 .2  




77 .0  
7 4 . 7  
8 1.6 
9 4 . 9  
1 0 7 . 4  
1 0 0 . 6  
89 .6  
7 3 . 5  
55 .1  





6 .7  
5.1 
1 2 . 3  




3 5 0 0 0  
3 6 0 0 0  
3 7 0 0 0  
3 8 0 3 0  
3 9 0 0 0  
400CO 
4 1 0 0 0  
4 2 0 0 0  
430CC 
4 4 0 0 0  
450CO 
469CO 
4 7 0 0 0  
4 8 0 0 0  
4 9 0 0 0  
500C0 
5 1 0 0 0  
5200C 




9 7 0 0 0  
5 9 0 0 9  
5 9 0 0 0  
6 0 0 0 3  
6 1 0 0 0  
6 2 3 0 0  
6 3 0 0 0  
64C00  
6 5 0 0 0  
6 6 0 0 0  
6 7 0 0 0  
6 8 0 3 0  
6 9 0 3 0  
7 0 0 0 0  
710CO 
7 2 0 0 0  
7 3 0 C 0  
740CO 
7 5 0 0 0  
7 6 0 0 0  
7 7 0 0 0  
7 8 3 0 0  
7 9 0 0 0  
80090 
81000 
8 2 0 0 0  
8 3 3 0 0  
840CO 
8 5 0 0 0  
8 6 0 0 0  
8 7 0 0 0  
8 8 0 0 0  
8 9 0 0 0  
9 0 0 0 0  
9 1 0 0 0  
9 2 0 0 0  
9 3 0 0 0  
9 4 0 0 0  














































225  7 
223.8 















N T / S Q  M 
0.473E 03  
0.401E 0 3  
0.343E 0 3  
0.289E 03  
Go246E 03  
G.ZC9E 0 3  
0.178E 03  
C o 1 5 1 E  0 3  
0.128E 0 3  
O a l l O E  03  
0.952E 0 2  
0.818E 0 2  
0.704E 0 2  
0.6C9E 0 2  
0.527E 0 2  
0.455E 0 2  
0.397E 0 2  
0.347E 32 
0.303E 3 2  
0.265E 0 2  
Oa233E 0 2  
0.204E 0 2  
3.179E 0 2  
0.158E 0 2  
0.139E 0 2  
0 0 1 2 2 E  0 2  
0.1C8E 0 2  
0.955E 0 1  
0.845E 0 1  
0.747E 01 
0.654E 0 1  
0.573E 0 1  
0.501E 0 1  
0.439E 0 1  
0.385E 0 1  
0.337E 0 1  
O.295E 0 1  
0.258E 0 1  
0.227E 0 1  
0.199E 0 1  
0.175E 0 1  
0.154E 0 1  
0.133E 0 1  
0.115E 0 1  
0.995E 00 
0.859E 00  
0.739E 00 





0.290E 00  
3.245E 00 
O0208E 00 
0 0 1 7 6 E  00 
0.149E 00 
0.129E 00 
0.112E 00  
0 9 6  OE-0 1 
DEVIATION 





























































DENS I T Y  
K G I C U  M 
0 0 8 0 0 E - 0 2  
0 6 7 7  E-02 
0.573E-02 
0 0 4 8 5 E - 0 2  
0 L( 1 1 E- 0 2 
0 e349E-02 
0 0 2 9 4 E - 0 2  
0.246E-02 
0 0206E-02  
0 1 7 5  E-02 
0.148E-02 
0 126E-02  
0 i 0 7 E - 0 2  
C 9 1 9  E-03 
0 7 83 E-03 
0 6 6  3 E- 0 3 
0 0 5 6 6 E - 0 3  
0 485  E-03 
0.419E-03 
0 362 E-03 
C.315E-03 
0.274E-03 
0 2 4 9  E-03 
0.2 10E-03  
0.184E-03 
0. 160E-03  
0 139E-03  
0.122E-03 
0 109E-03  
0 0 9 8 6  E-04 




0 a53 1 E-04 
0.465E-04 
0 0 4 0 5  E-04 
0.353E-04 
0 0 3 0 8 E - 0 4  
0 2 6 9  E-04 
0.242E-04 
0.220E-04 
0 1 9 7 E - 0 4  




0 0 1 0 0 E - 0 4  
0 0 8 7 7 6 - 0 5  
0.761 E-05 





0 3 0 2  E-05 
0 0 2 4 0 E - 0 5  
0.196E-05 
0 1 7 8  E-05 
0 1 6 5  E-05 
D E V  I A T I C N  
P E R  C E N T  
-5.3 
-6.6 
- 8 . 0  
-9.5 
-10 .9  
-12.5 
-14.7 
- 1 7 . 6  
-20 .4  
- 2 2 . 4  
-24 .4  
-26.3 
- 2 8 . 1  
- 3 0 . 1  
- 3 2 . 6  
- 3 5 . 3  
- 3 7 . 5  
- 3 9 . 4  
- 4 0 . 9  
- 4 2 . 5  
-44 .7  
-45.5 
-46 .1  
-46 .7  
-47.5 
- 4 8 . 2  
-48 .9  
-48.5 
- 4 7 . 6  
-47 .0  
-46.2 
-46 .5  
-46 .7  
-46 .8  
-46 .8  
-46 .9  
-46 .9  
-46.7 
-46 .2  
- 4 4 . 0  
-41 .0  
-38.5 
-35 .9  
-34.5 
-33.0 
- 3 0 . 1  
-27 .1  
-23 .7  
-20 .3  
-17 .0  









-43 .7  
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FIGURE 9 
BARROW, 31 JANUARY 1969, 0700 GMT. 
ALTITUDE TEMPERATURE ERROR WIND SPEED ERROR WIND DIRECTION EHKOH 
MSL DEG K DEG K M/SEC M/SEC DEGREES DEG x 
34334.5  
3 8 7 4 5  0 
4 3 0 1 8 . 7  






7 0 8 5 3  e 4  
7 4 5 2 1  5 
7 8 0 7 9 . 6  
81456.9  
8 4 2 5 1 . 4  
8 6 9 9 3 . 4  
89781.2 
92524.7  
9 5 3 4 1 . 7  
236.0 
240.5 
2 5 3 . 3  




218 .1  
222.7 
209 .1  
208.3  




177 .9  
189 .3  




















6 3  .6 
72 .3  
92.9 
101 .3  
98 .3  
101.0 
109 .2  
108.0 
55.2 
9 5  .9 
35.7 
74.9 




























160 200 240 280 
TEMPERATURE ( O K )  WIND 
(M/SEC) 
L EGEffD 
L 5 M/SEC L SOM/SEC 
OR LESS 
DIRECTION OF 
L IO M /SEC NORTH WIND 1 
ALT I TUDE 
M MSL 
3 6 0 0 0  
3 8 0 0 0  
4 0 0 0 0  
4 2 0 0 0  
4 4 0 0 0  
46G00 
4 8 0 0 0  
50000 
5 2 0 0 0  
5 4 0 0 0  
5 6 0 0 0  
5 8 0 0 0  
6 0 0 0 0  
6 2 0 0 0  
6 4 0 0 0  
6 6 5 0 0  
6 8 3 0 0  
7 0 0 0 0  
7 2 0 0 0  
7 4 0 0 0  
7 6 0 0 0  
7 8 0 0 0  
8 0 0 0 0  
0 2 0 0 0  
8 4 0 0 0  
8 6 0 0 0  
8 8 0 0 0  
9 3 0 0 0  
9 2 0 0 0  
9 4 0 0 0  
321.3  6.0 
358.9  6 a 4  
339.8 4.2 9 
359.2 2.7 
356 .5  1.4 
6.0 3 e 0  
355.2  2.9 
3 4 6 . 9  2.5 
355.9 2 . 3  
332.7  4.1 
343.8  11.8 
62.8 2 1  e 8  
66 .1  3 2 . 1  
1 9 0 . 9  45.7 
126 .5  10 .5  
64.b 10.3 
232.0 10.2 
214.0  3 9  b9 
W I N D  COMPONENTS 
M/SEC 
SOUTH WEST 
COMPONENT COMPO rY E N T  
-43.9 
-58.1 
-64 .9  
-66.9 
-73.8 
- 8 5 . 9  
- 9 4  0 6  
-100 .3 
-98.6 
- 9 8 . 3  
-100 .O 
-102.2 














65 .9  
-29.8 
42 .9  
-98.7 
1 6 . 3  
5 04 
8.1 
19 .2  
1 9 . 3  
7 a9 
2.2 
4 .6  
2 a2 
-6  0 7  
-6.9 
3 e6 
1 2  0 7  
20 .6  
2 0 . 4  
11 .9  
1 2 . 1  
2 1  0 3  
2 5 . 7  
26.4 
23 .9  
1 5 . 1  
-29.2 
- 6 3  e 0  
-54 .3  
-15  m2 
-42  a6 
-117.6  
- 1 3 0 . 6  






3 5 0 0 0  
3 6 0 0 0  
3 7 0 0 0  
3 8 0 0 0  
3 9 0 0 0  
4 0 0 0 0  
4 1 0 0 0  
4 2 0 0 0  
4 3 0 0 0  
4 4 0 0 0  
4 5 0 0 0  
4 6 0 0 0  
4 7 0 0 0  
4 8 0 0 0  
4 9 0 0 0  
5 0 0 0 0  
5 1 0 0 0  
5 2 0 0 0  
5 3 0 0 0  
5 4 0 0 0  
5 5 0 0 0  
5 6 0 0 0  
5 7 0 0 0  
5 8 3 0 0  
5 9 0 0 0  
6 0 0 0 0  
6 1 0 0 0  
6 2 0 0 0  
6 3 0 0 0  
6 4 0 0 0  
6 5 0 0 0  
6 6 0 0 0  
6 7 0 0 0  
6 8 0 0 0  
b 9 0 0 0  
7 0 0 0 0  
71000 
7 2 0 0 0  
7 3 0 0 0  
7 4 0 0 0  
7 5 0 0 0  
7 6 0 0 0  
7 7 0 0 0  
7 A 0 0 0  
7 9 0 0 0  
A3000  
8 1 0 0 0  
8 2 0 0 0  
8 3 0 0 0  
8 4 0 0 0  
8 5 0 0 0  
8 6 0 9 0  
8 7 0 0 0  
8 8 0 0 0  
8 9 0 0 0  
9 3 0 0 0  
9 2 0 0 0  
9 3 0 0 0  
9 4 0 0 0  
9 5 0 0 0  
9 1 0 0 0  
TEMPERATURE 












253 .1  




2 4 5  s A 
2 4 1  s 3 
236.2 

















209 .0  
208.8 
2 0 8  6 




2 0 8  5 
207.1 
205.6  




2 2 1  .h 
227.0  











0.536E 0 3  
Oa464E 0 3  
0.402E 0 3  
0.349E 0 3  
0.303E 0 3  
0 .2646 0 3  
0.230E 0 3  
0.201E 0 3  
O a l 7 6 E  0 3  
0.154E 0 3  
0.135E 0 3  
0.118E 0 3  
0 e 1 0 3 E  0 3  
0 a 9 0 5 E  0 2  
0.792E 0 2  
0.69UE 0 2  
0.601E 0 2  
0.524E 0 2  
0.457E 0 2  
0.396E 0 2  
0.341E 0 2  
0.293E 0 2  
0.253E 0 2  
0.217E 0 2  
0.187E 0 2  
0.160E 0 2  
0.138E 0 2  
0.118E 0 2  
0.101E 0 2  
0.871E 01 
0.746E 0 1  
0.642E 01  
0 0 5 5 2 E  0 1  
0 0 4 7 5 E  01  
0.409E 01 
0.348E 0 1  
0.296E 0 1  
0.253E 01  
0.215E 0 1  
0.183E 01 
0.156E 01  
0 0 1 3 3 E  01  
0.113E 01 












0.142E 00  
0.118E 00 
0 9 9  1E-0 1 
0 8 3 2E-0 1 
0 a6 99E-01 




































































0 a5 8 7  E-02 
0.508E-02 
0 a43 8E-02 
0 m376E-02 




0 1 8 5 E-02 
0 1 6 2 E - 0 ;  
0 .142E-02 
0 0 1 2  5E-02 




0 a674E-03  






0 a 2 5 3 E - 0 3  
0 2 1 8 E - 0 3  
0 18 8E-03 
0 1 6 2  k - 0 3  
0.138E-03 
0 11 e E-03 
0.101E-03 
0 a864E-04  
0 .755E-04 
0 a66 OE-04 
0 .572E-04 
0 4 9 4  E-04 
G a42 1E-04  
0 .359E-04 




0 1 6  1 E-04 
0 1 3 8 E - 0 4  
0 1 1 8 E-04 
0 10 1 E-04 






0 e33 hE-05 
0 e3 11 E-0 5 
0.278E-05 
0 e 2 2  5E-05 
0 1 8 4 E - 0 5  
0 a 1  5OE-05 
0 1 1 2 2 E - 0 5  
0 .100E-05 
DEV I AT I ON 
PEK C E N T  
- 6 0 7  










-5 .1  
-4.9 
- 4 0 8  
-4 .9  
-5  r 4  
-5  .9 
-5  a 4  
-4 .9  
-5 .4 
-6.2 
- 0 . 4  
- 1 0 . 6  
- 1 3 . 0  
- 1 5 . 1  
- 1 7 . 1  
-19 .0  
- 2 3 . 6  
-26 .5  
- 2 9 . 1  
-31.3 
- 3 3 . 3  
-33 .7  
- 3 3 . 9  
- 3 4 . 6  
- 3 5 . 2  
- 3 5 . 6  
-37 .8  
-38 .8  
-39 .6  
- 4 0 . 4  
- 4 0 . 9  
- 4 1 . 2  
- 4 1 . 0  
-40 .5  
- 3 8 . 8  
- 3 8 . 2  
-38.5 
- 3 8 . 0  
- 3 7 . 6  
- 3 6 . 8  
- 3 5 . 1  
- 2  6 e 4  
-18.2 
-12.2 
-1  3.2 
-1 3 06 
-14.6 
-16 .2  
- 1 6 . 7  
-21.2 
23 
FIGURE I O  
WALLOPS 31 JANUARY 1969, 1757 GMT. 




































































































160 200 240 200 
TEMPERATURE ( O K )  WIND 
(M/SEC) 
LEGEND 
L 5 M/SEC - SOM/SEC 
OR LESS 
DIRECTION OF 






























































1 a 3  
1.2 
3.0 



































































































6 0 0 0 0  
61000  
6 2 0 0 0  
6 3 0 0 0  
6 4 0 0 0  
6 5 0 0 0  
6 6 0 0 0  























9 0 0 0 0  
9 1 0 0 0  
9 2 0 0 0  
9 3 0 0 0  
TEMPERATURE PRESSURE 

























































1 9 1  e4 
202.1 









0 0 1 4 9 E  03 

















0.140E 0 2  
0.121E 0 2  
0.104E 02 
0.R98E 0 1  
0.771E 0 1  
0.662E 0 1  
0.565E 0 1  
0 0 4 8 1 E  0 1  
0.408E 0 1  
0.347E 0 1  
0.295E 0 1  
0.251E 0 1  
0.214E 0 1  
0.182E 0 1  
0.154E 0 1  
0.130E 0 1  













































































0 e661 E-02 
0.572E-02 









0 1 5 0  E-02 
0 1 3 2  E-02 
0 11 6E-02 
0 e103E-02 
0 .916E-03 
0 -8 12  E-03 
0.720E-03 
0 0 6 4 1  E-03 
0.569E-03 
0.5 04E-03 
0 e451 E - 0 3  
0.403E-03 
0 a35 8E-03 
0 03 17E-03 
0 a2 80E-03 
0 0245E-03 
0 0 2  15E-03 
0.188E-03 
0.1 63 E-03 





















0 0 4  86E-05 




0 e22 3E-05 
00200E-05  
DEV I A T  I ON 
PER CENT 






-4 a 2  
-2 e7 
-1 a4 
-0 r 2  
0.5 
0 .e 









2 a 3  
3 .3 
3.7 
3 a 8  
3.7 
2 0 7  
1.3 




-6 a 3  
-7 e5 
-9 e4 
-11 e 7  
-13.6 
-15.3 
- 1 5 0 8  
-15.8 






-16 .1  
- 1 5 ~ 7  
-14.7 
-13 .2  
-11.5 
-6 a6 







FIGURE I I  





4 1 0 9 5  4 
4 5 1 4 3  a 1 
4903P.3  
5 2 8 4 2  2 
56514 .5  
6 0 5 4 7 1  1 
5 4 4 1 2 . 5  
68175.3  
7 1 6 6 5  9 
750R5.C 
7r! 3 47 . 0 
8 10 3 0 C 
8 3 5 8 4 . 4  
8 6 3 6 4 . 7  
P 8 9  R-3 . 6 
Q 1 5 7 4  e Q 




278 .0  
269.7 
2 5 9 .  3 
251.5  
236.0 
2 2 3 0 0  
20R.5 
211.5 
188 .3  
1 9 2 . 3  
2 9 9 . 4  
201.3 
222 .9  
209.9 
2 0 2  9 





















160 200 240 280 
TEMPERATURE ( O K )  WIND 
(M/SEC) 
LEGEND 
L 5 M/SEC L SOM/SEC 
OR LESS 
L IO M /SEC 
DIRECTION OF 






59 .4  





25 .9  




69 .0  
139 .8  
2 0 1 . 2  





















WIND DIRECTION ERHOR 
DEGREES D EG 
280.3 
284.7  
2 9 2 . 6  
277.0  
2 7 7 . 0  
284.9  
2 6 8 . 1  
14.3 
2 9 1  0 7  
333.7  
1 0 4 . 9  






1 7 2 . 4  
2.1 




12 .8  
24.2 
1 0 . 4  
1 5 . 4  
2 5 . 9  
1 9 . 9  
2 2 . 9  
3 1 . 9  
9 9 . 7  
38.7 
26.0 
2 5 . 9  
1 9 . 0  
WIND COMPONENTS 
Y / S  EC 
ALTITUDE SOUTH WEST 
M P4SL COivl P 0 N EN T COM P O N E N T 
3 4 0 0 0  
3 6 0 0 0  
3 8 0 0 0  
4 0 0 0 0  
4 2 0 0 0  
4 4 0 0 0  
4 6 0 0 0  
4 8 0 0 0  
5 0 0 0 0  
5 2 0 0 0  
5 4 0 0 0  
5 6 0 0 0  
5 8 0 0 0  
6 0 0 0 0  
6 2 0 0 3  
6 4 0 0 0  
66COO 
6 8 0 0 0  
700GC 
7 2 0 0 0  
7 4 0 0 0  
7 6 0 0 0  
7 8 0 0 0  
8 0 0 0 0  
8 2 0 0 0  
8 4 0 0 0  
8 6 0 0 0  
8 8 0 0 0  
9 0 0 0 0  
-8.4 
-9 .4 










- 8  r 6  








11 .6  
7.6 






4 1 . 1  
38.5 
3 6 . 1  
33 .8  
3 8 . 5  
5 1  m5 
6 1 . 1  
6 6  0 0  
6 2  06 
5 0 . 0  
36.5 
2 2  a3 
9.4 
-2.1 
5 0 6  
21.0 
18 .7  
9.1 
- 2 3 . 0  
- 2 0 . 3  
-5 0 2  
1 9 . 3  
-2  04 
0.1 
2 8 . 3  
1 0 . 7  
-23.4 
-36.5 




3 3 0 0 0  
3 4 0 9 0  
3 5 0 0 0  
3 6 0 0 0  
3 7 0 0 0  
3 8 0 0 0  
3 9 0 0 0  
4 0 0 0 0  
41000 
4 2 0 0 0  
4 3 0 0 0  
4 4 0 0 0  
4 5 0 0 0  
4 6 0 0 0  
4 7 0 0 0  
4 8 0 0 0  
4 9 0 0 0  
5 0 0 3 0  
51000 
5 2 0 0 0  
5 3 0 0 0  
5 4 0 0 0  
5 5 0 0 0  
5 6 0 0 0  
5 7 0 0 0  
5 8 0 0 0  
5 9 0 0 0  
60000 
6 1 0 0 0  
52000 
6 3 0 0 0  
6 4 0 0 0  
6 5 0 0 0  
h 6 0 0 0  
6 7 0 9 0  
h 8 0 0 0  
5 9 0 0 0  
7 0 0 0 0  
7 1 0 0 0  
7 2 0 0 0  
7300C 
7400C 
7 5 0 3 0  
7 6 9 0 0  
7 7 0 0 0  
7 8 0 0 0  
7 9 0 0 0  
A G O O C  
8 1 0 3 0  
B Z O O ?  
9 3 0 0 0  
8 4 9 3 0  
9 5 0 3 0  
8 6 3 0 0  
R7000 
8 8 0 0 0  
9900C 
9 c c 3 c  
0 1 0 o c  
TEMPERATURE 
DEG K 
2 4 1  2 























234 e 5 
231.2 
2 2 R . O  
224 R 




2 0 9  0 
2 0 9 . 8  
210.6 
211.4 
2 3 5 - P  
199.2 























0.714E 0 3  
0.620E 0 3  
0.538E 0 3  
0.471E 0 3  
0.414E 0 3  
0a363E 0 3  
0.319E 0 3  
0.250E 0 3  




0.135E 0 3  
0.119E 0 3  
0.104E 03 
0.920E C 2  
00R38E 02 
0 0 7 0 9 E  0 2  
0 0 6 2 1 E  02  
0.54SE 0 2  
0.475E 0 2  




3.233E 0 2  
Cm200E 0 2  
0.172E 0 2  
0.148E 02 
0e127E 0 2  
0.108E 02  
Q.921E 01 
3.784E 01  
3 0 6 6 9 E  C l  
3.571E C1 
0.487E C 1  
0.415E 0 1  
0.348E 0 1  
0.291E 0 1  
0.243E 01 
0.234E 0 1  
3 0 1 7 2 E  0 1  
0.144E 0 1  
0.121E 0 1  
0.103E 01  
0a886E 00 
0 0 7 5 5 E  00 
0.64OE 0 0  
0.542E 0 3  
3.465E 00 
0.401E 0 0  




O . l R 1 E  09 
0 - 1 5 b E  G O  































































D E k S  I T Y  
K G / C U  M 
0 103E-0  1 
0 m878E-02 






0 03  14E-02 























0 1 5  3 E-03 
0 1 3 0  E-03 
9 e l l O E - 0 3  
0.941E-04 




0 r447E-04  
0 . 3  73E-04 
0.3 11E-04 





0 1 10 E-04 






0 3 6 3 E-0 5 
0 e3 12E-05 
0 2 5 7E-05 
0 a 2  14E-05 







-10 e 7  
-10.3 
-9 a6 
-8 a 9  
-6 a 4  
-3.8 
-1.4 
0 0 6  













































-1 7 a 4  
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FIGURE 12 


















































































160 200 240 280 
TEMPERATURE ( O K )  WIND 
(M/SEC) 
LEGEM0 
L 5 M/SEC L 50M/SEC 
OR LESS 
DIRECTION OF 
L IO M /SEC NORTH WIND b 






































































































































































































203 a 6 









0a599E 0 2  
0a520E 0 2  




0 0 2 5 6 E  02 




0 0 1 2 6 E  02 
0a109E 02 
0 0 9 3 2 E  0 1  
0 0 7 9 5 E  0 1  
0 0 6 7 8 E  0 1  
0 0 5 7 8 E  0 1  
0a494E 0 1  
0 0 4 2 1 E  0 1  
0a359E 0 1  
0 0 3 0 7 E  0 1  
0 0 2 6 3 E  0 1  
0 0 2 2 5 E  01 
0 0 1 9 3 E  01 
0 0 1 6 5 E  0 1  
0.143E 0 1  
0a124E 01  






0 0 4 5 2 E  00 
0a329E 00 
0.280E 00 
0 0 2 3 6 E  00 
0 0 1 9 9 E  00 
0 a l 6 9 E  00 
0 0 1 4 4 E  00 
0a122E 00 
0a103E 00 
0 a 8 77E-01 
0a739E-01 
0a621E-01 
0 a 5 22E-0 1 




















































0 a 8  7 BE-03 
0a763E-03 
0 a663 E-03 




0 a32 3E-03 
0 0284E-03 
0 a 249E-03 
0a218E-03 
0 a192E-03 
0 a 1  7 1  E-03 
0 a 150E-03 




0 a 6 9 4  E-04 
0 05 89E-04 
0 a 5 00E-04 




0 0 2  18E-04 
0 185E-04 
0 a 160E-04 
0 a 13 8E-04 






0 a55 BE-05 
0a486E-05 
0 a4 1 9  E-05 
0a349E-05 
0a289E-05 
0 a 2 4 2  E-05 
0 a 2 1 l E - 0 5  
0 a 182E-0 5 
0 a 1  56E-05 
0 a 1 3 2 E- 0 5 
0a112E-05 
0 a 95 2 E-06 








-1 5 a 4  
- 1 7 r l  
-17  a7 
-1  8 a4 
- 1 9 . 3  
-19.5 
-19.3 
-20 a 1  
-21.1 
-23 .8  
- 2 6  0 2  








-4 1 a6 
-42.1 
- 4 1  a 6  
- 4 0  a 8  
-39.7 
-37.2 
-33  a 0  






- 8 . 3  
-8  46 









WALLOPS 6 FEBRUARY 1969, 2109 GMT. 
ALI :TUDE:  TEMPERATURE ERROR WIND SPEED ERROR WIND D I R E C T I O N  ERROR 
Y YSi DEG K DEG K M/SEC M/SEC DEGREES DEG 
3 5 7 0 1 . 5  
4 1 6 0 4 .  0 
4 6 0 4 6 . 1  
4 1 7 5 3 . 7  
5 3 3 7 1 . 9  
5hHR5.5  
6 0 3 1 2 . 7  
6 3 6 4 7 . 7  
E7L l9 .2  
7 1 6 1 2 .  1 
7 5 6 2 9 . 8  
79(497.9 
33221 .5  
363L.I .  3 
0 8 9 1 0 . 9  
9 1 3 9 8 . 6  
9 3.406 0 




2 6 0 . 6  
259.8 
243 .7  
231.4 




























19 .2  
12.0 0.3 






40 .1  2.1 
72 .8  1.5 
83.2 1 0 6  
94.5 1.8 
79 .5  1.9 
24.2 3.0 
28.8 7.1 
6 7  04 7.6 
13.6 10.5 
3 6  a 2  8 0 9  
30.0 113.0 
160 200 240 280 
A L T I T U D E  
M MSL 
36000 
3 8 0 0 0  
4 0 0 0 0  
4 2 0 0 0  
4 4 0 0 0  
4 6 0 0 0  
4 8 0 0 0  
5 9 0 0 0  
5 2 0 0 0  
5 C O O O  
5 5 0 0 0  
5 3 0 0 0  
69090 
h 2 0 0 0  
6 4 0 0 0  
6 6 9 0 0  
6POOO 
7 9 0 0 0  
7 2 0 0 0  
7 4 0 0 0  
7 6 0 0 0  
7 8 0 0 0  
8 0 0 0 0  
!32000 
261.0 3.8 
2 5 2 0 3  2.9 
254.1 3 04 




2 4 2  0 4  5.3 
2 4 4  6 2.2 
















8 . 3  







18 .6  
12.3 










2 5 . 5  
12 .5  
17 .3  
22 .0  
2 6 . 8  
31.5 
36 .2  
41 .3  
45.8 
4 7 . 9  
4 8 . 0  
44.7 
37 .9  
29.3 
3 1.3 
39 .0  
5 4 . 4  
6 6 . 3  
6 9 . 7  
72 .8  
7 6 . 5  
78 .0  
72.6 
6 0 0 5  
3 3  0 2  
TEMPERATURE ( O K )  WIND 8 4 0 0 0  20.8 11 .7  
(M/SEC) 8 5 0 0 0  28.3 2.3 
LEGEND 8 3 0 0 0  46.3 23.3 - 5 m/sEc L ~ O M / S E C  
OR LESS 
L 10 M /SEC 
DIRECTION OF 
NORTH WIND 
9 3 0 0 0  27.4 25.3 
9 2 0 0 0  -12.4 0.5 
9rrooo -21.1 -24 7 




3 6 0 0 0  
3 7 0 0 0  
3 8 0 0 0  
3 9 0 0 0  
40000 
4 1 0 0 0  
4 2 0 0 0  
4 3 0 0 0  
4 4 0 0 0  
4 5 0 0 0  
4 6 0 0 0  
4 7 0 0 0  
4 8 0 0 0  








5 7 0 0 0  
58000 
5 9 0 0 0  
6 0 0 0 0  
6 1 0 0 0  
62000 
6 3 0 0 0  
6 4 0 0 0  
6 5 0 0 0  
6 6 0 0 0  
6 7 0 0 0  
6flOOO 






7 5 0 0 0  
7 6 0 0 0  
7 7 0 0 0  
7RC00 
7 9 0 0 3  
80000 
81000 
8 3 0 0 0  
84000 
8 5 0 0 0  
R h O O O  
8 7 0 0 0  
88000 
8 9 0 0 0  
9 0 0 0 0  
91000 
9 2 0 0 0  
930CO 
9 4 0 0 0  
9 5 0 0 0  
9 6 0 0 0  












263  a 3 
264.9 
263.9 



















































0 . 4 8 5 ~  03 
0a422E 03 
0e367E 0 3  
0e319E 03 
0a280E 0 3  
0.2456 03 
0e215E 0 3  
0 e l R 9 E  03 
O e l 6 6 E  03 
0a146E 03 
0a128E 03 
0a113E 0 3  
0.9996 02  
0e878E 02 
0a771E 02  
0aC78E 0 2  
0e596E 0 2  
3e524E 02 
0a460E 02 
0e404E C 2  
0e353E 02 
0e307E 02  
0 e 2 6 8 E  0 2  
0 e 2 3 3 E  0 2  
0e201E 02 
0a174E 0 2  
0e151E C2 
0e129E 02 
0 e l l l E  02  
0a960E 0 1  
0e828E 01 
0a715E 01 
0a617E C 1  
0e532E 01  
0e460E 0 1  
0e398E C 1  
0e345E 0 1  
0 ~ 2 5 7 F  0 1  
0e219E 01 
0e187E 0 1  
0a159E 0 1  
0e135E 0 1  
0e115E 0 1  
0e979E 00 
0a832E 00 






O e 2 6 l E  90 
0a218E 00 
3 e l A l E  09 
0a152E 00 
0 a 1 2 7 E  00 
0e106E 00 
0 e 8 9  1E-01 
0a744E-01 
0 e 6 13E-01 
0 . 2 9 e ~  01 































































DENS I T Y  
K G / C U  M 
0 a698E-02 
0a600E-02 
0 a 5 16 E-02 
0 e 444E-02 
0 a 385 E-02 
0.3346-02 
0 a290E-02 
0 a 2 5 3  E-02 
0 a22 1 E-02 
0.1936-02 
0 e 163E-02 
0 e 149E-02 
0a132E-02 
0 e 116 E-02 
0e103E-02 
0 e 907  E-03 
0 798E-03 
0 e 7C2 E-03 
0a624E-03 
0 a 5 5 8  E-03 
0 e 496E-0 3 
0a440E-03 
0 a389E-03 





0 a 175  E-03 
0 e 143E-03 
0eL09E-03 
0 e344E-06 
0 e 8  11 E-04 
Oe698E-04 
0 a602 t - 0 4  
0a524E-04 
0e465E-04 
0 e 4  10E-04 
0 e 359E-04 
0e312E-04 
0 e 268E-04 
0 e 2 29E-04 
0a196E-04 
0 a 167E-04 
0a141E-04 
0e120E-04 




0 e 558E-05 



















-2 e 4  
-2.1 
















-1 e 9  
-2.9 
-4.7 



































ARENOSILLO 28  MARCH 1969, 0023 GMT. 
A L T I T U D E  TEMPERATURE ERROR WIND SPEED ERROR WIND D I R E C T I O N  ERROR 
%4 4YSL DEG K DEG K M/SEC M/SEC DEGREES DEG 
34447 .6  
4 0 1 6 3 . 7  
4 4 4 4 7 . 3  
4 8 9 2 5 . 4  
5 1 5 0 2 . 8  
5 4 8 3 7 . 7  
5R193.3 
6 1 3 9 7 . 4  
6 5 0 1 3 . 5  
6 9 0 1 4 . 5  
7 2 8 5 0 . 8  
1 6 5 4 8 . 8  
e3100. 1 
P3357.E 
? 5 4 7 6 . &  
e7015 .3  
? @ 3 6 9 . 5  
3 2 1 7 3 . 1  
240.8 
257 .9  


































160 200 240 280 
TEMPERATURE ( O K )  WIND 
(M/SEC) 
L EGEMO 
L 5 M/SEC L 5OM/SEC 
OR LESS 
L IO M /SEC 
DIRECTION OF 
NORTH WIND 4 
32.5 
56 .1  
63.7 




































2 7 2  5 3.3 
289.7 7.3 
282.3 16.6 
261.9 32 e0 





315 .9  80.4 
42.1 31.9 
242.6 553 .1  
166 .1  10.5 
279.2 13.4 
17.6 8 b o  
WIND COMPONENTS 
M / S E C  
A L T I T U D E  SOUTH WEST 
M MSL COMPONENT COMP C NENT 
3 6 0 0 0  
3 8 0 0 0  
4 0 3 0 0  
4 2 0 0 0  
4 4 0 0 0  
4 6 0 0 0  
4 8 0 0 0  
5 0 0 0 0  
5 2 0 0 0  
5 4 0 0 0  
5600C 
5 8 0 0 0  
6 0 0 0 0  
6 2 0 0 0  
6 4 0 0 0  
6 6 0 0 0  
6 8 0 0 0  
70CCO 
7 2 0 0 0  
7 4 0 0 0  
7 6 0 0 0  
7 8 0 0 0  
8 0 0 O C  
8200C 
8 4 0 0 0  
8600C 
8 8 0 0 0  
9 0 0 0 0  































4 6  .4 
5 4  a 0  
5 8 . 7  
6 2 . 6  
6 4 . 6  
6 4 . 5  
5 5 . 0  
4 5 . 1  
38 .1  
31 .4  
24 .8  
17 .1  
12 .3  
13 .8  
1 6 0 8  
21 .0  
25.7 
3 0 . 8  
19 .1  
-4 .0  
11 a 9  





1 1 5 . 2  
-1.0 




3 7 3 2 :  
3 E 0 0 0  
393' ;c 
40GCO 
4 1 C C G  
4 2 0 0 5  
4 3 0 0 3  




4 6 0 0 3  
4 9 0 0 0  
5000C 
5150C 
5200' :  
5 3 0 0 0  
5 4 0 0 0  
550GO 
5630C 




6 1 0 0 0  
620CO 
630CO 
6 4 0 0 3  
65001: 
6hOOC 
6 7 0 0 0  
6 8 0 3 0  
6 9 0 0 0  
7 c 3 c c  
7 1 3 0 0  
72033 
7 3 3 0 0  
7 4 0  30 
7 5 0 0 0  
7 6 0 0 0  
7 7 0 0 0  
7 8 0 0 0  
7 9 0  3 0  
R O O 0 0  
8 1 0 0 0  
8 2 0 0 0  
R30SC 
8 4 0 0 0  
8 5 0 3 0  
8 6 0 0 0  
A70CO 
8 8 0 0 0  
8 9 0 3 0  
9 0 0 0 0  
9 1 0 0 0  






25i .?r  
254.4 
257 .4  




















236 .2  
235.5 
234.9 













7 1 0 . 7  
213.5 
216 .4  
210.2 
203.3 
1 9 5  7 
194.5 










NT/SG M P E R  CEKT 
9.529E 0 3  
0.460E 0 3  
0.3F;E 0 3  
Ca336E 0 3  
0.263E 0 3  
3.235E 0 3  
0.206E O ?  
0.181E 0 3  
C e l 6 9 E  0 3  
0.14lE 0 3  
Oel24E 0 3  
0.139E 03 
0.969E 0 2  
0 e 8 5 4 E  0 2  
0.753E 0 2  
0.614E 0 2  
C.5eSE 0 2  
0.517E 0 2  
0.454E 0 2  
0.39SE 0 2  
C.35CE 3 2  
3.306E 0 2  
0.267E 3 2  
0.233E 0 2  
0.203E 0 2  
0.177E 0 2  
0 a 1 5 3 E  0 2  
0.133E 02 
0.115E 0 2  
0.10CE 0 2  
3.753E 0 1  
0.649E 0 1  
C.559E Cl 
G.482E 0 1  
0.415E 0 1  
0.355E 0 1  
0.304E 0 1  
0.260E 0 1  
0.222E 0 1  
Ca189E 0 1  
9.161E 0 1  
0.137E C 1  
0.117E 0 1  
0.100E 0 1  
0 a 8 6 2 E  0 0  
0.737E 00 
0.621E 00 









c . 3 4 8 ~  0 3  






























































C 6 5  3 E-02 
C 5 6 0  E-02 
0 e483E-02 
0 4 1 8 E- 0 2 
0.363E-02 
0 3 15E-02  
0 274E-02 
0 Z 35, E-0 2 
0 . i 09E-C2  
0 1 0 4  E-02 
0 1 6 2  E-92 
0.143E-02 
0 1 2 6  E-02 
0.111 E-GZ 
0 . 9 8 i E - 0 3  
0 a 8 6 5 E-03 
0 7 6 7 E - C  3 
0 e6e4E-03  
0 $0 8 E-0 3 
0.540E-03 
0 $ 4  8 0  E-0 3 
0 4 2 6  E-C3 
0.377E-93 
0 3 3 3  E-03 
0 2 9 4  E-03 
0 2 5 9  E-03 
0 2 2 6  E-03 
0 1 9  7 E-03 
0 1 7 1 E-0 3 
0 1 4 9 E-0 3 
0 1 3 0 E - 0 ?  
9.114E-03 
3.997E-C4 
C 8 6 8  E-04 
0.757E-04 
0 a660E-04  
0 5 7 2 E-04 
0 .4?5 E-04 
0.428E-04 
0 b369E-04 
0 3 17E-04  
0 s 269E-04 
0 e226E-04 
0 1 9 1  E-04 
0.  16 1 E-04 
0 1 4 2  E-04 
0 1 2 6  E-04 
0 1 1 0 E - 0 4  
0 9 3 9  E-05 
0 7 9 5  E-05 
0.683E-05 
0 5 9 3  E-05 
0 5 1 3  E-05 
0.449E-05 
0 38 5 E-05 
0 m296E-05 
0 m231 E-05 
GEVSATION 































- 1 1 . 6  
-12.5 
-13 .1  
- 1 3 . 4  
-13.5 
-14 .0  
-14.3 
-14.5 





- 1 9 . 0  
- 1 3 . 9  















AL T I TUDE 
M MSL 
36245 .2  
4 2 0 1 4 . 0  
4 6 3 5 8 . 3  
4 9 9 7 9 . 9  
5 3  504.0 
5 6 9 3 6 . 9  
6 0 2 7 2 .  5 
6 3 5 2 7 . 0  
6 7 1 8 1 . 4  
7 1 2 1 5 . 0  
7 5 0 9 7 . 0  
7 8 8 4 7 . 6  
82431 .6  
85421 .6  
8 7 8 7 4 . 3  
9 0 7 4 2  . h 
9 2 5 1 5 . 1  





267 .0  





232 .7  
218 .8  
212.5 
187.8 
189 .9  
195.8 
189.0 
196 .1  
204.1 
186 .9  
FlGU R E 15 
































15 .1  
16 .8  
28.3 
1 9  .? 
31.2 




160 200 240 280 
TEMPERATURE ( O K )  WIND 
(M/SEC) 
LEGEND 
L 5 M/SEC - 50M/SEC 
OR LESS 
DIRECTION OF 
L 10 M /SEC NORTH WIND 1 
ERROR WIND DIRECTION ERROR 
MISEC DEGREES DEG 
0.2 
0.4 
















ALT I TUDE 
M MSL 
3 8 0 0 0  
4 0 0 0 0  
4 2 0 0 0  
4 4 0 0 0  
46GOO 
4 8 0 0 0  
50000 
5 2 0 0 0  
5 4 0 0 0  
5 6 0 0 0  
5 8 0 0 0  
6 0 0 0 0  
6 2 0 0 0  
6 4 0 0 0  
6 6 0 0 0  
6 8 0 0 0  
7 0 0 0 0  
7200C 
7 4 0 0 0  
7 6 0 0 0  
7 8 0 0 0  
8 0 0 0 0  
8 2 0 0 0  
8 4 0 0 0  
8 6 0 0 0  
88000 
9 0 0 0 0  
9 2 0 0 0  




266 .8  










2 8 5  8 





















































- 6 b 4  
46.7 
6 1 0 8  







15 .4  
13.7 
1 G . 2  
1k .8  
12.0 
1 0 . 9  
12.4 
1 0 . 9  
5.2 
0.6 




- 3 . 9  
1 7 . 3  
1 5 . 8  






3 7 0 0 0  
38000 
3 9 0 0 0  
4 0 0 0 0  
4 1 0 0 0  
4 2 0 0 0  
4 3 0 0 0  
44000 
4 5 0 0 0  
4 6 0 0 0  
4 7 0 0 0  
4 8 3 0 0  











6 0 0 0 0  
h 1 3 0 0  
6 2 0 0 0  
63000  
64000  











7 6 0 0 0  










8 7 0 0 0  
88000 
89300  
9 0 0 0 0  
9 1 0 0 0  
9 2 0 0 0  
9 3 0 0 0  



















































1 9 4 i 9  
194.2 










0.436E 0 3  
0.382E 0 3  
0.334E 0 3  
0.293E 0 3  
0.258E 0 3  
0.228E 0 3  
0.200E 03 
0.17hE 0 3  
0.155E 0 3  
0.137E 0 3  
0.121E 03 
OelO6E 03 
0 0 9 4 1 E  02  
0.829E 02 
0.731E 02  
0.644E 02  




0.340E 02  







0.114E 02  
0.995E 0 1  
0.862E 01  
0.746E 0 1  
0.646E 0 1  
0.556E 0 1  
0.477E 0 1  
0.410E 01 
0.352E 01  
0.301E 0 1  
0.257E 01 
0.220E 0 1  
0.188E 0 1  
Oa l f i 7E  01  
0.132E 0 1  











































































DENS I T  Y 
KG/CU M 
0.597E-02 















0 e 745E-03 
0 e659E-03 
0 585 E-03 
0 5 18E-03 
0 45 8 E-03 
0.407E-03 
0 a36 1 E-03 
0 3 19E-0 3 
0.283E-03 







0 995  E-04 
0 8696-04  
0 ~ 7 5 8  E-04 
0.656E-04 
0 5 6 8  E-04  
0 0 4 8 0 E - 0 4  











0 6 9 9  E-05 
0 s 5 9 7  E-05 
0 506E-05 














1 4 1  
2 e 4  




















































ARENOSILLO, 29 MARCH 1969, 0005 GMT. 
ALTITUDE 
Y MSL 
3 4 2 7 1 . 1  
39744 .3  
43'366.0 
47299 .8  
50629 .0  
53866 .0  
5732F?a0 
6 0 1 1 3 . 6  
6 3 5 7 5 . 3  
6 7 3 8 3 . 8  
71045 .9  
7 4 5 7 0 . 6  
7 7 9 3 5 . 9  
8 0 7 3 8 . 3  
E3037a  1 
8 5 2 4 4  4 
87367 .2  
89350 .0  
TEMPERATURE 
DEG K 




272 .1  










185 .8  
177 .7  





















WIND SPEED ERROR WIND DIRECTION ERROR 






































262 .9  
273.5 
280.6 




185 .3  
263.3 
269 .7  
64.6 





310 .6  
4 a 2  
2 a 3  
2 a 0  
9.3 
1 9 . 2  
2 2  a 8  
1 8 . 2  
20.6 
10 .9  
46 .8  




11 .2  
1 3 . 4  
4 8 . 0  
8 7 . 4  
" 
160 200 240 280 
TEMPERATURE ( O K )  WIND 
(M/SEC) 
LEGEND 
L 5 M/SEC - !%OM/SEC 
OR LESS 
L 10 M /SEC 
DIRECTION OF 
NORTH WIND 4 
WIND COMPONENTS 
M/SEC 




4 0 0 0 0  
4 2 0 0 0  
4 4 0 0 0  
4 6 0 0 0  
4 8 0 0 0  
5 0 0 0 0  
5 2 0 0 0  
5 4 0 0 0  
5 6 0 0 0  
5 8 0 0 0  
6 0 0 0 0  
6 2 0 0 0  
6 4 0 0 0  
6 6 0 0 0  
68000 
7 0 0 0 0  
7 2 0 0 0  
7 4 0 0 0  
7 6 0 0 0  
7 8 0 0 0  
8 0 0 0 0  
8 2 0 0 0  





4 .  7 
4.9 
0 a 3  
-4.4 
-8 .2  
-6.7 
3 .1  
0 .1 
-10.3 



















4 2  a2 
5 0 . 6  
6 0 . 6  
6 7 . 9  
6 1  a4 
5 2 4 7  
4 3  a 3  
3 6 . 8  
3 2 . 7  
32 a 4  
3 3  a 8  
3 4  a 4  
19 .4  
9 a 4  
2 1  a 8  
3 3 . 1  
39 .1  
2 4 . 9  
-10.6 
-27.4 
- 3 1  a 8  
-14.7 
6 8 4 3  
42 .9  
-37.7 































6 2 0 0 0  






















































































0 0 5 2 9 E  03 
0 0 4 5 9 E  03 
0 0 3 9 9 E  03 
0 0 3 4 8 E  03 
0 0 3 0 5 E  03 
0 0 2 6 8 E  03 
0e235E 03 
0 0 2 0 5 E  03 
O o l R l E  03 
0 0 1 6 0 E  03 
0 0 1 4 1 E  03 
0 0 1 2 4 E  03 
O o l l O E  0 3  
0 0 9 7 1 E  02 
0 0 8 5 6 E  02 
0 0 7 5 6 E  0 2  
30668E 0 2  
0 0 5 9 1 E  02 
3 0 5 1 6 E  02 
0 0 4 5 0 E  02 
0 0 3 9 2 E  02 
0 0 3 4 4 E  0 2  
0 0 3 0 3 E  0 2  
0 0 2 6 8 E  0 2  
0 0 2 3 5 E  02 
0 0 2 0 5 E  02 
0 0 1 7 9 E  02 
0 0 1 5 5 E  02 
0 0 1 3 3 E  02 
0a115E 0 2  
0 0 9 8 8 E  0 1  
0 0 8 5 4 E  0 1  
00743E 0 1  
0 - 6 4 6 E  0 1  
0 0 5 6 2 E  0 1  
0 0 4 8 3 E  01  
0 0 4 1 4 E  0 1  
0 0 3 5 5 E  01  
0 0 3 0 5 E  0 1  
0 0 2 6 2 E  0 1  
0 0 2 2 5 E  0 1  
0.194E 0 1  
0 0 1 6 5 E  0 1  
0 0 1 4 1 E  0 1  
00120E 0 1  
00102E 0 1  
0 0 8 7 4 E  00 
0 0 7 4 0 E  0 0  
0 0 5 9 9 E  00 
0 0 4 8 5 E  00 
0 0 4 0 4 E  00 
0 0 3 3 8 E  00 
00281E 00 
0 0 2 3 3 E  00 
0 0 1 9 1 E  00 

































































0 e3 14E-02 
0 0 2 7 2 6 - 0 2  
0 e 2  37E-02 
0 0 2 0 7 E - 0 2  
0 0183E-02 
0 01 62 E-02 
0 0143E-02 
0 0 1 2  6E-02 
0 0 1 1 OE-02 
0 0 9  7 2E-03 







0 0 3 5 7 E - 0 3  
0 e 3 2  2 E-03 
0 0289E-03 
0 0260E-03 
0 0 2 3 3 E - 0 3  
0 0 2  07E-03 
0 01 796-03 
0 01 51E-03 
0 128E-03 
00109E-03  








0 0 3 1  4E-04 
0 0274E-04 
0 e 2  37E-04 
0 0 2 0 2 E - 0 4  
0 1 7 1 E-04 
00150E-04  
00142E-04  
0 1 3  1 E-04 
0 9 9  3 E-05 
0 0 7 7  OE-05 
0 0643E-05 
0 0546E-05 








- 9 . 2  




- 8 . 3  
-6.7 









- 3  04 
-7.4 
-10.5 
- 8 . 6  
-6.7 
- 5 . 3  
-3.5 
- 2  0 4  
-2.5 






-1 3 00 
-14.8 
-16.4 
-17  0 5  
-1 7 0 4  
-15 .8  
-14.6 
-13.4 
- 1 3  0 9  
-13.9 
-9.2 
1 4 0 3  
-3.1 
- 2 . 6  
-0 .6  
2 0 9  
6 0 4  
-4 b5 




WALLOPS 29 MARCH 1969, 0715 GMT. 
ALTITUDE TEMPERATURE ERROR WIND SPEED ERROR WIND DIRECTION ERROR 
















C? 6434 4 










































































TEMPERATURE ( OK) WIND 
(M/SEC) 
L EGEMO 
L 5 WSEC 
OR LESS 
L 10 M /SEC 
L 5 0  M /SEC 
DIRECTION OF 
NORTH WIND 4 
ALT I TUDE 



















































2 b 6  
2.1 
2.5 










































































3 4 0 0 0  
3 5 0 0 0  
3 6 0 @ 0  
370CO 
3 9 0 0 0  
4 0 0 0 0  
4 1 0 0 0  
4 2 0 0 0  
4 3 0 0 0  
4 4 0 0 C  
4 5 0 0 9  
4 6 0 0 0  
4 7 0 0 0  
4 8 0 0 0  
490C0 
5 0 0 0 0  
5 1 0 0 0  
5 2 0 0 0  
5 3 0 0 0  
540CO 
5 5 0 0 0  
5 6 0 0 9  
5 7 0 0 0  
5 8 0 0 3  
59CCO 
600CO 
6 1 3 0 9  
6 2 0 9 0  
6 3 0 0 0  
6 4 0  3 0  
6 5 7 C 0  
6 6 0 5 2  
670CC 
G 8 0 0 C  
6 9 0 3 3  
7000C 
7 1 0 : s  
720CC 
73CCG 
7 4 0 0 0  
7 5 0 3 0  
7 6 3 2 C  
773CO 
7ROCC 
7 9 0 3 0  
AOG03 
R1090  




E 6 2 0 0  
8 7 0 0 0  
8RGCO 
3 8 0 0 3  
T EM PER A TURE 
DEG K 
244.7 










266 .1  
2 6 8  7 
268.7 
267.6 
2 6 6  6 
2 6 5  3 
263.5 





253 .0  







2 2 6  7 
223.3 












194 .9  
i 9 2 . 8  
1e4 .5  
176 .2  
l e 6 0 9  
198.7 
198.8 
1 9 4 . 6  




0.649E 0 3  
0.564E 0 3  
0.490E 0 3  
0.430E 0 3  
0.379E 0 3  
0.333E 0 3  
0.293E 0 3  
0.258E 0 3  
0.227E 0 3  
0 e 1 9 9 E  0 3  
0.175E 0 3  
0.154E 0 3  
0.136E 0 3  
0 0 1 2 0 E  0 3  
O.lO6E 0 3  
0.9376 0 2  
0.826E 0 2  
0.728E 0 2  
0.640E 0 2  
0.562E C2 
0.404E 0 2  
0 .4346  02  
0.381E 02  
0.334E 0 2  
0.293E 0 2  
3 0 2 5 5 E  02  
0.222E 0 2  
0.193E 0 2  
O o l b e E  0 2  
0.145E 0 2  
S.126E 0 2  
0.1C9E 0 2  
0.937E 0 1  
0.8CeE 0 1  
0.695E 0 1  
0 0 5 9 4 E  0 1  
C.SORE c 1  
0.4?4E 0 1  
0.370E 0 1  
3.315E 0 1  
0.26RE 0 1  
0.228E 3 1  
0.192E 0 1  
0 . l t 2 E  0 1  
0.137F: 0 1  
3.115E 0 1  
0.974E 0 0  
0.A20E 00 
0.679E O C  
0.561E 00 
3 0 4 7 4 E  0 0  
0.402E 0 0  
0.339E 0 0  
0.286E 0 0  
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0.146E-03 
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0 3 9 4 E-04 
0 e 3 3 8 E - 0 4  
0 2 Y  OE-04 
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FIGURE 19 
WALLOPS , 8 MAY 1969, 0311 GMT. 
A L T I T U D E  TEMPERATURE ERROR WIND SPEED ERROR W I N D  D I R E C T I O N  ERROR 
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FIGURE 20 
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MAY 1969, 0436 GMT. 
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4 3 0 0 0  
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4 5 0 0 0  
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4 8 0 0 0  
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0.243E 03 
0.214E 0 3  
0.189E 0 3  
0.166E 03 
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0.115E 0 3  
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0.901E 0 2  
0.795E 0 2  
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0 e246E-02  
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7 0 0 0 0  
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7 3 0 0 0  
7 4 0 0 0  
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7 6 0 0 0  
7 7 0 0 0  
7 8 0 0 0  
7 9 0 0 0  
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8 4 0 0 0  
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8 6 0 0 0  
8 7 0 0 0  
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1 0 4 0 0 0  
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1 7 3 0 0 0  
1 7 4 0 0 0  
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FIGURE 23 
WALLOPS 21 AUGUST 1969, 1539 GMT. 
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"The aeronautical and space activities of the United Sfutes shall be 
conducted so as to  contribute . . . to the expansion of human knowl- 
edge of phenomena in the atiiiosphere and space. T h e  Administration 
shall provide fo r  the widest prncticable and appropriate dissemination 
of in forittation concerning its actiidties and the results thereof." 
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-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 
NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 
TECHNICAL REPORTS: Scientific and 
technical information considered important, 
complete, and a lasting contribution to existing 
knowledge. , 
TECHNICAL NOTES: Information less broad 
in scope but nevertheless of importance as a 
contribution to existing knowledge. 
TECHNICAL MEMORANDUMS : 
Information receiving limited distribution 
because of preliminary data, security classifica- 
tion, or'other reasons. 
, 
TECHNICAL TRANSLATIONS: Information 
published in a fpreign language considered 
to merit NASA distribution in English. 
_c 
SPECIAL PUBLICATIONS: Information 
derived from or of value to NASA activjties. 
Publications include cbnference proceedings, 
monographs, data compilations, handbooks, 
' 
1 sourcebooks, and special bibliographies. - 
TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other non-aerospacc 
applications. Publications include Tech Briefs, 
,~echnology Utiiization R~~~~~~ and 
Technology Surveys. 
CONTRACTOR REPORTS: Scientific and 
technical information generated under a NASA 
contract or grant and considered an important 
contribution to existing knowledge. 
Details on the availability of these poblicafions may be obtained from: 
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